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Abstract
Background: Adult minimal changes disease (MCD) is usually treated by high corticosteroids
dose in order to achieve remission of nephrotic syndrome. In this study, the administration of high
steroid dose (prednisolone 1 mg/kg BW/day) is compared with the combination of lower
prednisolone dose (0.3 mg/kg BW/day) and cyclosporine A (CsA) (2–3 mg/kg BW/day) in a small
number of patients.
Findings: Eighteen patients were allocated to either prednisolone monotherapy or prednisolone
and CsA combination, according to the risk of developing steroid side-effects. Complete remission
of the nephrotic syndrome was observed in all patients treated by steroids or combination of
steroids and CsA. Complete remission occurred in 67%, 89% and 100% of patients after 4, 8 and
12 weeks of treatment. Relapses occurred in 50% of patients from both groups, treated with the
combination of low prednisolone dose and CsA and followed by sustained remission.
Corticosteroidal side effects were observed only in high prednisolone dose (accumulated dose:
92.7 ± 22 mg/kg/BW vs. 58.5 ± 21 mg/kg/BW, p = 0.004).
Conclusion: Treatment of adult MCD with low prednisolone dose and CsA seems to be equally
effective with high prednisolone dose to induce remission of nephrotic syndrome. It is also effective
as maintenance therapy for prevention of relapses and less frequently followed by corticosteroidal
side effects.
Background
Minimal changes disease (MCD) represens the most com-
mon cause of nephrotic syndrome in children accounting
for more than 70% of cases, but it 's also the cause of adult
nephrotic syndrome in 10 to 25% of cases [1,2]. The
pathogenesis remains unknown. A shift of the T-cell rep-
ertoire, towards a Th-2 phenotype leading to release of
putative permeability factors, is postulated [3]. Corticos-
teroids restore the glomerular expression of dystroglycans,
adhesion molecules of foot processes, that are reduced in
MCD patients with nephrotic syndrome [4,5].
Complete remission of proteinuria occurs in 90% of cor-
ticosteroid-treated children, early after initiation of treat-
ment [6]. However, this period is longer in adults,
whereas a large percentage of them shows relapses or
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becomes steroid-dependent [7]. Longer duration of treat-
ment with high steroid doses increases the risk of serious
side effects [2,8,9]. Cyclophosphamide and chlorambucil
have been used in patients with frequent relapses, as
maintenance therapy to prevent relapses and resulted in
sustained remission [7], while the use of azathioprine and
mycophenolate mofetil is rather limited [10].
CsA is used in patients with MCD, who continue to
relapse after a course of alkylating agents, in cases with
primary steroid resistance and recently as an initial treat-
ment in children with steroid-sensitive nephrotic syn-
drome, in order to reduce the number of relapses [11].
However, CsA has not been used as an initial treatment in
adult MCD. In this study the effect of prednisolone mon-
otherapy (1 mg/kg BW/day) is compared to that of com-
bination of lower prednisolone dose (0.3 mg/kg BW/day)
with CsA, given in a small number of patients with MCD
and a risk to high steroid dosage (obesity, borderline dia-
betes mellitus, osteoporosis and history of peptic ulcer).
Methods
Patients
Eighteen adult patients (8 males and 10 females) with
nephrotic syndrome (urinary protein: 12 ± 6 g/24 h), due
to biopsy-proven minimal changes disease, and well pre-
served renal function (baseline serum creatinine: 0.97 ±
0.3 mg/dl), referred to our department between 1998 and
2005, were included in the study. The inclusion criteria
were age between 18 and 65 years old, urinary protein
>3.5 g/24 h and creatinine clearance >60 ml/min. The
clinical and biochemical features of patients at presenta-
tion are shown in table 1.
All patients were treated by either prednisolone alone or
combination of lower prednisolone dose with CsA
(Neoral). The latter was given to patients with obesity
(body mass index >30 kg/m2), fasting blood glucose
between 100 and 120 mg/dl, osteoporosis and peptic
ulcer, diagnosed by endoscopy, in order to avoid high
prednisolone doses. Ten patients were treated with pred-
nisolone monotherapy (initial dose 1 mg/kgBW/day) and
eight patients with lower prednisolone (0.3 mg/kgBW/
day) and cyclosporine (2–3 mg/kg BW/day). The dose of
CsA was adjusted to maintain trough blood levels of 100
ng/ml for 12 months, mean CsA dose: 2.07 ± 0.5 mg/
kgBW/day, gradually reduced to 0.5 mg/kg BW/day per
month. Prednisolone was also gradually reduced and dis-
continued after 6 months, at least. The two different treat-
ment protocols are presented in table 2. The mean
duration of treatment with prednisolone was 13 ± 5
months and that of cyclosporin 23 ± 10 months. The total
accumulated dose of corticosteroids were significantly
higher in patients treated by high steroid dose compared
to the combination treated group (92.7 ± 22 mg/kg vs.
58.5 ± 21 mg/kg, p = 0.004) (table 2).
Patients from both groups, who showed relapses of the
nephrotic syndrome, were treated with low prednisolone
(0.3 mg/kg BW/day) and CsA (2–3 mg/kg BW/day),
regardless of initial treatment, in order to avoid the
administration of higher prednisolone doses.
Conventional histopathology and grading of 
histopathological involvement
The diagnosis was made by renal biopsy on light-micros-
copy (LM) and immunoflurescence (IF). Minimal changes
was diagnosed by the presence of normal glomeruli or
mild mesangial matrix increase and focal mesangial
hypercellularity in the LM [8]. Lack of immune deposits
and complement components, as well as presence of scat-
tered mesangial IgM deposits, were the main features in
IF.
The degree of glomerular sclerosis, interstitial edema and
fibrosis, as well as tubular atrophy and arteriolar hyalino-
sis, were evaluated from Masson's trichrome stained sec-
tions of each biopsy. The severity of glomerular sclerosis
Table 1: Clinical and histological features of patients treated by steroids or combination of steroids with CsA, at presentation.
Feature Steroid
(n = 10)
Steroid+CsA
(n = 8)
P
Gender (M/F) 5/5 3/5 NS
Age (years) 39 ± 14 44 ± 18 NS
Blood pressure (mmHg) 135/83 137/86 NS
Serum creatinin (mg/dl) 0.95 ± 0.4 1.0 ± 0.2 NS
Albumin (g/L) 23 ± 3 22 ± 6 NS
Urinary protein (g/24 h) 10 ± 5 9 ± 9 NS
Glomerulosclerosis (%) 10 ± 7 10.5 ± 4 NS
Interstitial fibrosis (absent/present) 8/2 7/1 NS
Interstitial edema (absent/present) 0/10 0/8 NS
Tubular atrophy (absent/present) 8/2 5/3 NS
Vascular hyalinosis (absent/present) 6/4 5/3 NSBMC Research Notes 2009, 2:144 http://www.biomedcentral.com/1756-0500/2/144
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was expressed as the percentage of totally sclerosed
glomeruli, whereas other parameters were evaluated by a
semi-quantitative method and expressed as present or
absent [12].
Follow-up – Definition
During treatment and follow-up period, all patients were
examined every month. Body weight, blood preassure,
urinalysis, full-blood count, biochemical profile and 24 h
urinary protein were recorded. Blood pressure control,
(135/85 mmHg) was achieved by ACEi, calcium-channel
blockers, beta-blockers and diuretics in both groups of
patients.
Remission of nephrotic syndrome was defined as com-
plete or partial if proteinuria was <0.3 g/24 h and between
0.3 and 3 g/24 h respectively. Relapse was considered
when edema and proteinuria >3.5 g/24 h re-appeared, in
patients with remission. The follow-up period was 6 ± 3
years. The development of chronic renal failure was esti-
mated using the end-points of 50% and 100% increase
(doubling) of base-line serum creatinine.
Statistical analysis
Variables are presented as mean ± SD. Unpaired t-test was
used to compare baseline clinical and biochemical data,
between the two groups of patients. Chi-square test for
independence, was used to compare histopathological
data and remission rate of proteinuria, in the two groups
of patients. A p-value of less than or equal to 0.05 was
considered to be statistically significant.
Results
Remission of nephrotic syndrome
Complete remission of nephrotic syndrome was observed
in all patients treated by either high steroid dose or com-
bination of low steroid dose and CsA. The number of
patients from both groups with complete remission after
4, 8 and 12 weeks of treatment was 12 (67%), 16 (89%)
and 18 (100%) respectively. At 4 weeks, 7 patients from
the steroid treated group and 5 from the combination
treated group, showed complete remission (p = NS). At 8
weeks all steroid treated and 6 from the steroid and CsA
treated group presented complete remission (p = NS),
whereas at 12 weeks all patients from both groups were in
complete remission (Fig. 1, 2, 3 and 4).
Relapses of the nephrotic syndrome
Relapses occurred in 9 patients (50%), 4 initially treated
with steroids and 5 with combination of lower steroid
dose and CsA (p = NS). Seven patients showed the first
episode of relapse, during tapering of steroid or CsA dose,
whereas 2 showed relapse one and six months after dis-
continuation of treatment. All relapsers were treated by
low prednisolone dose and CsA and showed complete
remission. Two of 9 patients (22%) showed more than 2
episodes of relapse and treated for a longer period of time
(40 and 36 months respectively), using a long-term low
maintenance dose of CsA (1 mg mg/kg BW/day). Since
renal function is not a reliable indicator of CsA nephro-
toxicity and histological examination is necessary [13],
these two patients underwent a repeat renal biopsy, in
order to identify potential CsA nephrotoxicity [14].
Clinical outcome after discontinuation of treatment
All patients preserved their renal function and showed no
increase of serum baseline creatinine, by 50 or 100% dur-
ing the follow-up period. All patients remained in com-
plete remission of nephrotic syndrome three years after
discontinuation of treatment that was given either for the
first episode of nephrotic syndrome or for treatment of
relapses.
Side effects
Corticosteroidal side effects were observed only in
patients treated with high prednisolone dose. Cushingoid
Table 2: Treatment protocol in patients treated with steroid or combination of steroid with CsA
Time period Steroid
(n = 10)
Steroid+CsA
(n = 8)
Prednisolone dose
(mg/kg/day)
Prednisolone dose
(mg/kg/day)
1st month 10 . 3
2nd month 0.6 0.15
3rd month 0.3 0.10
4th month 0.15 0.07
5th month 0.07 0.07
6th month 0.07 0.07
on alternate day on alternate day
Mean accumulative prednisolone dosage (mg/kgBW) 92.7 ± 22 58.5 ± 21
Mean CsA dosage for target trough levels 100 ng/ml (mg/kgBW/day) - 2.07 ± 0.5BMC Research Notes 2009, 2:144 http://www.biomedcentral.com/1756-0500/2/144
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Individual courses of the urinary protein loss in patients treated by high steroid dose Figure 1
Individual courses of the urinary protein loss in patients treated by high steroid dose.
Individual courses of serum albumin in patients treated by high steroid dose Figure 2
Individual courses of serum albumin in patients treated by high steroid dose.BMC Research Notes 2009, 2:144 http://www.biomedcentral.com/1756-0500/2/144
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Individual courses of the urinary protein loss in patients treated by lower steroid dose and CsA Figure 3
Individual courses of the urinary protein loss in patients treated by lower steroid dose and CsA.
Individual courses of serum albumin in patients treated by lower steroid dose and CsA Figure 4
Individual courses of serum albumin in patients treated by lower steroid dose and CsA.BMC Research Notes 2009, 2:144 http://www.biomedcentral.com/1756-0500/2/144
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was observed in all of them, striae in 4, diabetes mellitus
in 2 and gastrointestinal intolerance in one. Patients
treated with lower prednisolone dose showed no side
effects related to corticosteroids.
Apart from hypertrichosis in 2 patients no other side-
effects related to CsA were observed. In 2 patients with
long-term administration of CsA, no typical lesions of
CsA nephrotoxicity were observed in the repeat biopsies.
Discussion
Steroids represent the cornerstone of treatment in MCD,
but although most patients show complete remission,
31%–76% of them show relapses in various studies. High
daily steroid dose followed by alternate-day administra-
tion, after remission of proteinuria, is used as an initial
treatment in adult MCD. With this therapeutic approach,
remission of the nephrotic syndrome occurs in 46%–62%
at 4 weeks, 67%–87% at 8 weeks and 75%–100% at 16
weeks of treatment [2,8,9,15,16]. A similar response rate,
was observed in this study with high prednisolone dose.
CsA has been used in patients with frequently relapsing,
steroid-dependent and steroid-resistant idiopathic neph-
rotic syndrome [17,18]. Recently, CsA given in combina-
tion with prednisone, to children with steroid-sensitive
nephrotic syndrome, was proved effective in reducing the
number of relapses for the first year of follow-up [13]. The
major problem, with the administration of CsA is its
potential nephrotoxicity [14] and the frequent relapses
after its discontinuation. For this reason, CsA was used at
low doses and stopped after gradual tapering [19]. Com-
bination of low prednisolone dose with CsA has been
used as initial treatment in patients with focal segmental
glomerulosclerosis and obesity, borderline diabetes melli-
tus or osteoporosis, in order to avoid higher steroid doses
[20,21]. In this study, a similar regimen used in adult
MCD patients with relative contraindications to the high
steroid dosage was followed by complete remission in
63% and 100% of patients after 4 and 12 weeks respec-
tively. Although the number of patients was small the
results were comparable to those observed with high pred-
nisolone dose.
A significant problem in patients with minimal changes
disease is the relapse of the nephrotic syndrome within
the first 12 months, after steroid withdrawal (31%–76%).
In our study, relapses occurred in 50% of patients.
Although no significant difference was observed in the
relapse rate between the two groups, a trend towards more
frequent relapses was observed with CsA (40% vs. 63%).
Since prolonged high corticosteroid dose and administra-
tion of cytotoxic drugs are usually followed by serious side
effects, we treated our patients with relapses, with a com-
bination of low prednisolone and CsA. All patients
showed stable remission, probably related to the long
period of maintenance therapy.
The prolonged use of high corticosteroids dose is usually
followed by significant side effects [2,8,9], a finding also
confirmed in our study. However, patients treated with
lower steroid and CsA dose, although treated for longer
period of time, showed no side effects.
In conclusion, treatment of adult MCD with low pred-
nisolone dose and CsA seems to be equally effective with
high prednisolone dose, in the remission rate of nephrotic
syndrome and is less frequently followed by side effects.
However, further research including higher number of
patients treated with low prednisolone dose and CsA, is
required, in order to establish this regimen as initial treat-
ment of adult MCD.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
This work was designed and supervised by DSG and JGV.
Patient follow-up was recorded by PK and ES, while the
statistical analysis was performed by PK
Acknowledgements
Noone contributed in this study by any substantial contribution outside the 
author team. There was no funding for this work.
References
1. Cameron JS: Nephrotic syndrome in the elderly.  Semin Nephrol
1996, 16:319-329.
2. Mak SK, Short CD, Mallick NP: Long-term outcome of adult
onset minimal change nephropathy.  Nephrol Dial Transplant
1996, 11:2192-2201.
3. Grimbert P, Andard V, Remy P, Lang P, Sahali D: Recent
approaches to the pathogenesis of minimal change neph-
rotic syndrome.  Nephrol Dial Transplant 2003, 18:245-248.
4. Regele HM, Fillipovic E, Langer B, Poczewki H, Kraxberger I, Bittner
R, Kerjaschki D: Glomerular expression of dystroglycans is
reduced in minimal change nephrosis but not in focal seg-
mental glomerulosclerosis.  J Am Soc Nehrol 2000, 11:403-412.
5. Ransom RF, Lam NG, Hallet MA, Atkinson SJ, Smoyer WE: Gluco-
corticoids protect and enhance recovery of cultured murine
podocytes via actin filament stabilization.  Kidney Int 2005,
68:2473-2483.
6. International Study of Kidney Disease in Children: The primary
nephrotic syndrome in children: Identification of patients
with minimal change nephrotic syndrome from initial
response to prednisone.  J Pediatr 1981, 98:561-564.
7. Korbet SM: Management of idiopathic nephrosis in adults,
including steroid-resistant nephrosis.  Curr Op Nephrol Hypert
1995, 4:169-176.
8. Nakayama M, Katafuchi R, Yanase T, Ikeda K, Tanaka H, Fujimi S:
Steroid responsiveness and frequency of relapse in adult-
onset minimal change nephrotic syndrome.  Am J Kidney Dis
2002, 39:503-512.
9. Waldman M, Crew RJ, Valeri A, Busch J, Stokes B, Markowitz G,
D'Agati V, Appel G: Adult minimal-change disease: Clinical
characteristics, treatment and outcomes.  Clin J Am Soc Nephrol
2007, 2:445-453.
10. Moudgil A, Bagga A, Jordan S: Mycophenolate mofetil therapy in
frequently relapsing steroid-dependent and steroid-resistantPublish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Research Notes 2009, 2:144 http://www.biomedcentral.com/1756-0500/2/144
Page 7 of 7
(page number not for citation purposes)
nephrotic syndrome of childhood: current status and future
directions.  Pediatr Nephrol 2005, 20:1376-1381.
11. Hoyer PF, Brodehl J: Initial treatment of idiopathic nephrotic
syndrome in children: Prednisone versus prednisone plus
cyclosporin A: A prospective randomized trial.  J Am Soc Neph-
rol 2006, 17:1151-1157.
12. Pirani CL, Solinas-Madrigal L: Evaluation of percutaneous renal
biopsy.  Pathol Annual 1968, 3:249-296.
13. Gregory MJ, Smoyer WE, Sedman A, Kershaw DB, Valentinin RP,
Johnson K, Bunchman TE: Long-term cyclosporine therapy for
pediatric nephrotic syndrome: A clinical and histologic anal-
ysis.  J Am Soc Nephrol 1996, 7:543-549.
14. Meyrier A, Noel LH, Auriche P, Callard P, Collaborative Groups of
the Societe de Nephrologie: Long-term renal tolerance of
cyclosporin A treatment in adult idiopathic nephrotic syn-
drome.  Kidney Int 1994, 45:1446-1456.
15. Fujimoto S, Yamamoto Y, Hisanaga S, Morita S, Eto T, Tanaka K: Min-
imal change nephrotic syndrome in adults: response to cor-
ticosteroid therapy and frequency of relapse.  Am J Kidney Dis
1991, 17:687-692.
16. Tse KC, Lam MF, Yip PS, Li FK, Choy BY, Lai KN, Chan TM: Idio-
pathic minimal changes nephrotic syndrome in older adults.
Nephrol Dial Transplant 2003, 18:1316-1320.
17. Ponticelli C, Edefondi A, Rizzoni G, Rinaldi S, Gusmano R, Lama G,
Zacchello G, Confalonieri R, Altieri P, Bettinelli A, Maschio G, Ginotti
GA, Fuiano G, Schena FP, Castellani A, Della Casa-Alberighi O:
Cyclosporin versus cyclophosphamide for patients with ster-
oid-dependent and frequently relapsing idiopathic nephrotic
syndrome: a multicentre randomized controlled trial.  Neph-
rol Dial Transplant 1993, 8:1326-1332.
18. Ponticelli C, Rizzoni G, Edefonti A, Altieri P, Rivolta E, Rinaldi S, Ghio
L, Lusvarghi E, Gusmano R, Locatelli F, Pasquali S, Castellani A, Della
Casa-Alberighi O: A randomized trial of cyclosporin in steroid-
resistant idiopathic nephrotic syndrome.  Kidney Int 1993,
43:1377-1384.
19. Ponticelli C, Passerini P: The place of cyclosporin in the manage-
ment of primary nephrotic syndrome.  Biodrugs 1999,
12:327-341.
20. Cattran DC: Cyclosporine in the treatment of idiopathic focal
segmental glomerulosclerosis.  Semin Nephrol 2003, 23:234-241.
21. Goumenos D, Tsagalis G, El Nahas AM, Shortland JR, Davlouros P,
Vlachojannis JG, Brown CB: The immunosuppressive treatment
of focal segmental glomerulosclerosis: A five-year follow-up
study.  Nephron Clin Pract 2006, 104:c75-c82.